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Abstract 
Porang is a food crop that can be cultivated on marginal land. It used  for alternative food, because 
of the high content of glucomannan. This plant can be propagated by bulbils, tuber orleafcutting, but 
seed common use as propagation material. An experiment was conducted to study the effect of 
different growing media on seed germination and seedling growth of Amorphophallus muelleri 
(porang) in Bogor Botanic Gardens. The treatment consisted of three growing media (sand, cocopeat 
and rice husk charcoal) laid out in a Completely Randomized Design (CRD). The following parameters 
were assessed: days to first germination, germination percentage, plant height, petiole diameter, 
leaf diameter, leaf length, leaf width, number of roots, root length, tuber diameter, fresh weight of 
tuber and fresh weight of plant. The best results for leaf width (2.70 cm) and root length (13.28 cm) 
were obtained in sand medium. Most rapid seed germination was found in cocopeat medium. The 
best results for germination percentage, plant height, petiole diameter, leaf diameter, number of 
roots, tuber diameter, fresh weight of plant and fresh weight of tuber were 72.33%, 19.67 cm, 3.35 
cm, 8.89 cm, 25.93 cm, 16.65 cm, 2.43 g and 5.77 g., respectively in rice husk charcoal medium. On 
the other hand, the cocopeat medium showed unsatisfied results. It was also found that vegetative 
growth of seedlings could be effectively classified into four identifiable stages.  
 




Increasing human populations have led to an increase in food needs. Porang is one 
plant species to be developed as food sources [7, 10, 18, 23]. It can be used as alternative 
food source, because its content of glucomannan which can reach as high as 35–55%  [24] 
and even 67% [16]. Glukomannan is a carbohydrate that can be used as cosmetic, 
thickening, gelling agent, bioactive polymer and drug [11, 16, 21]. 
There was a big demand for porang particularly from the countries such as Japan, 
Korea, China, Australia, Malaysia and English. Since porang has been used  for food and 
industrial things, the demand on it increased signicantly [11, 21].  This will impact the 
availability of lands cultivation of porang, notably in Java [11], subsequently, its hould 
requirea large quantity of seeds. Porang can be propagated by bulbils, tubers or leaf 
cuttings [24]. However, seed propagation is preferred due to its easier, cheaper and 
more profitable [24, 27]. The best quality of seed is essential to find a good quality of 
seedling as well as high yield tubers. Many factors have affected seed quality for 
example, genotype seed sand its parent habitat [2]. others such as landrace, seed purity, 
seed shape, seed size, seed maturity and fruit maturity [8].  
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Seed germination is affected by many factors, such as germination media, oxygen, 
temperature and light, water and soil humidity [3, 28].  Every species needs a specific 
environmental for their germination. Optimal conditions for seed germination and 
seedling emergence are the same as those for optimal growth of a species [28].  The 
physical structure of media,in which seeds are germinated, is crucial for both 
germination and early seedling establishment. The best growing media should provide 
a balance between moisture and aeration. Moreover, the media structure should allow 
easy penetration by the roots. On the other hand, too loose or too compact media may 
influence germination and establishment of the seedling, negatively [19]. According to 
[5], a good growing medium would provide sufficient anchorage or adequate support 
for the plant. In addition, it also posseses as reservoir for nutrients and water, allowing 
oxygen diffuseinto the roots and exhaust gases from the roots to sourronding 
atmosphere, vice versa. Some organic or inorganic materials usually used as growing 
media, viz. sand, cocopeat and rice husk charcoal. Sand may be used to improve 
drainage and aeration, whether low water holding capacity. Sand contents also a little 
nutrient [9]. Cocopeat is considered as a good growing medium component with 
acceptable pH, electrical conductivity, high total pore space, high water content, low 
shrinkage, low bulk density and slow biodegradation [5, 26]. Rice husk charcoal as 
growing media has characterized lighter, content some nutritional elements (especially 
Kalium) and sterile. Rice husk charcoal has also acceptable pH (pH 6-7), high water 
holding capacity, high air circulation and good porosity [9, 25, 5]. It is effective in 
improving drainage or aeration of the growing media [18, 5]. Hence, the aims of this 
research were to find the best growing media for germination of porang seed and to 
study seedling growth of porang.   
 
2. Methods 
This study was conducted for nine months (June 2016 to February 2017) at the 
Research Center for Plant Conservation and Botanic Gardens (Bogor Botanical Gardens), 
Indonesian Institute of Science (LIPI), Bogor, West Java, Indonesia.  
 
2.1. Seed material 
Seeds were collected from a mother plant in the Bogor Botanic Gardens’ collection. 
The seeds harvested from yellow skin ripe fruits. The flesh was removed from the seeds 
manually, then washed under running water and dried at room temperature for 24 
hours. Fresh, uniform and healthy seeds were selected for germination. Seeds were 
sown in medium size plastic box length of 40 cm and width of 25 cm containing three 
different types of growing media (sand, cocopeat and rice husk charcoal). Twenty-five 
seeds were sown in a plastic box and it was replicated in another two boxes so that 75 
seeds in total. All the boxes were watered immediately after sowing and would be 
repeated everyday untill the end of emergence. Seedling growth and development were 
observed everyday untillthere were no more seeds germinating. 
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2.2. Observation of germination parameters 
Parameters observed and recorded were days to first germination, the total 
germination percentage,  the plant height, petiole diameter, leaf diameter, leaflet 
length, leaflet width, number of roots, root length, tuber diameter, fresh weight of tuber 
and fresh weight of seedling. The earliest germination was recorded as the first day in 
which there was a seed visibly germinated; i.e. when the hypocotyl had appeared about 
0.2-0.5 cm above growing medium surface [12]. The germination percentage is the 
accumulated number of seeds that germinated successfully expressed as a percentage 
of the total number of seeds tested [11, 17, 14]. The plant height was measured from 
the medium surface to the top of the plants by straightening up all leaves. Petiole 
diameter was measured using caliper, 1 cm from the lowest. Leaf diameter was 
measured at the widest part of lamina. Leaflet length and leaflet width were measured 
on the longest and widest of the leaflet. Number of roots was calculated for all the roots 
of the seedling. Root length was calculated for the longest ones. Tuber diameter was 
measured at the center line of the two tuber sides using a ruler. Fresh tuber weight was 
measured independently using scale as well as fresh seedling weigh (all part of plant 
including the tuber).  
 
2.3. Data analysis 
The experiments were useda Completely Randomized Design (CRD). The statistical 
analysis of treatments was tested using analysis of variance and means were compared 
by Duncan’s multiple range test.  
 
3. Results and Discussion 
3.1. Seed Germination 
Germination of seeds is affected by growing media. In general, all growing media have 
no significant differences statistically to  all measured parameters, except for petiole 
diameter, leaf diameter, leaflet length and width leaflet (Table 1). Husk charcoal 
medium showed the best resultsin almost all parametersexcept for leaf width androot 
length, whereas cocopeat medium gave the worst result in all parameters observed. 
 
Table 1. Anova observation parameters on growing  media treatments of porang seed.  
Parameters F. calculated 
Days to first germination (DAS) 6.57** 
Germination percentage (%) 109.50** 
Plant  height (cm) 6.34** 
Petiole diameter (cm) 1.61ns 
Leaf diameter (cm) 2.88ns 
Leaflet length (cm) 3.04ns 
Leaflet width (cm) 1.37ns 
Root number  65.89** 
Tuber diameter (cm)  19.83** 
Tuber fresh weight (g) 7.92** 
Plant fresh weight (g) 3.90* 
Note : ns=non significant;  *=significant and **= more significant. DAS = day after showing 
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Effect of growing media on days to first germination, germination percentage and 
plant height of porang seeds presented in Table 2. Seedswere germinated firstly at 32 
days after sowing, appeared in rice husk charcoal medium. Meanwhile the longest 
germination was found in cocopeat medium, 43 days after sowing. The highest 
germination percentage was obtained in therice husk charcoal (72.33%) and the lowest 
in cocopeatmedium (48.67%). Growing media are also affectedin plant height. 
[26] mentioned that cocopeat is a good medium for germination. It is able to bind 
and store the water to keep the media from drying out and to prevent its high humidity. 
He said furthermore that seeds would germinate quickly even faster when it is placed 
on moist medium. It is caused imbibitions ofseeds working unimpeded. On the contrary, 
our experiment found that cocopeat medium gave the worst result for germinating in 
which the medium shortly became compacted. As a result both air and water circulation 
were disrupted. This circumstance has apparently disturbed germination, even some 
seeds becoming rot. 
Rice husk charcoal and sand media were also used for seed germination. Result 
showed that these media gave best result compared to cocopeat medium. Both created 
well-drained and well-aerated media. Subsequently, many seeds would be germinated. 
As a result germination percentage would also be higher. It is presumed that rice husk 
charcoal medium provided enough nutrient for seedlings growth so that the seedlings 
were highest than others. 
 
Table 2. Effect of growing media on days to first germination, germination percentage and plant       
 height of porang seeds. 






Sand  34 a 67.00 ab 18.91 ab 
Cocopeat  43   b 48.67   b 9.88   b 
Rice husk charcoal 32 a 72.33 a 19.67 a 
Note : Means in each column having the same letters are not significantly different at 5% level 
of lity us probability using DMRT. DAS : day after sowing.  
 
Based on statistic analysis, growing media had not given a significant influence on 
petiole diameter, leaf diameter, leaflet length and leaflet width (Table 3). The largest 
petiole diameter and leaf diameter tended to be  resulted from seedling growing on rice 
husk charcoal medium, while the smallest petiole diameter and leaf diameter were 
found growing in cocopeatmedium. In comparison to cocopeat medium, rice husk 
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Table 3. Effect of growth media on petiole diameter, leaf diameter, leaflet length and leaflet  
 width on porang seedling.  








Sand   2.89 a                       8.71 a    4.89 a 2.70 a 
Cocopeat 2.61 a  7.00 a                        3.55 a 2.00 a 
Rice husk charcoal 3.35 a  8.89 a  4.89 a  2.35 a 
Note : Means in each column having the same letters are not significantly different at 5% level 
of probability using DMRT. 
 
Effect of growing media on number of root sand root length are presented in Table 
4. The highest of root number was produced by seedlings gowing on rice husk charcoal 
medium, while the lowest was gowing on cocopeat medium. Although the number of 
roots produced of seedling in rice husk charcoal medium is numerous but short in the 
length. Rice husk charcoal has a neutral Ph (6-7), high water holding capacity, good 
porosity, good drainage and nutrients content. Therefore, this medium is suitable for 
growth of new roots. Richness of the essential constituents of the rice husk charcoal 
may cause these roots unnecessary to elongate. On the other hand, the number of roots 
of seedling growing on sand medium is generally less but longest. For sand medium 
usually has very well-aerated medium compare to cocopeat and rice husk charcoal 
media. Unfortunately, this medium is nutrients-poor therefore the roots should have a 
big effort to find out the nutrients. Subsequently, the roots growtht ended to elongate 
in order getnutrition. 
 
Table 4. Effect of growth media on on root number and  root  length of porang seedlings 




Sand  21.80 ab 13.28 a 
Cocopeat 12.27   b 5.94  b 
Rice husk charcoal 25.03 a 12.93 ab 
Note : Means in each column having the same letters are not significantly different at 5% level 
of probability using DMRT. 
 
Effect of growing media on tuber diameter, tuber fresh weight and plant fresh 
weight are presented in Table 5. Rice husk charcoal medium showed the best result on 
those three parameters mean while cocopeat medium showed the worst. Well-aerated 
media are found in both rice husk charcoal and sand media that can cause the tuber 
easy to enlarge. At can be seen on Fig. 1, the relationship between the number of roots 
and tuber fresh weight, in which the more amounts of rootsare in line with the increasing 
of tuber weight. Itis closely related to the ability of roots to absorbnutrient in the media. 
The more roots are produced, the more nutrition is absorbed.  
The highest result on plant (in this case seedling) fresh weight parameter was 
showed in rice huskcharcoal medium. This parameter result is closely related toplant 
height and number of roots parameters for example, a plant (high) with numerous 
amount of roots would be gained high weight too (plant fresh weight) (Fig. 2). These 
roots have ability to absorb much nutrition, as a result the plant grew well and the fresh 
weight was also increased.  
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Table 5. Effect of growth media on tuber diameter, tuber fresh weight and plant fresh weight of  
 porang seedling.  
Treatments Tuber  diameter 
(cm) 
Tuber fresh weight 
(g) 
Plant fresh weight 
(g) 
Sand  12.17 a 1.20 ab 4.50 ab 
Cocopeat 5.44 a 0.36  b 1.34 b 
Rice husk charcoal 16.65 a 2.43 a 5.77 a 
Note : Means in each column having the same letters are not significantly different at 5% level 




Figure 1. Root number and tuber fresh weight of porang seedlings. 
 
 
Figure 2. Plant height (PH), root number (RN) and plant fresh weight (PFW) of  porang  
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3.2. Seedling Growth 
There are four phases of suweg seedling growth, namely: (1) Hypocotyl and roots 
emergence phase, (2) Shoot growth phase, (3) The rachis opening phase and (4) The 
leaflets opening phase (Fig. 3). Although the pattern of seedling growth in all media 
wassimilar but different time was required completing eachphase. This differentiation 
is caused by the presence of physical and chemical properties within the media which 
differ on each.  
 
 
Figure 3. Germination pattern of porang seed. Phase 1: Shoot growth phase; Phase 2: Leaf 
emergence phase; Phase 3: Rachis opened phase; and Phase 4: Leaflets fully opened 
phase 
 
3.2.1. Phase 1. Shoot growth  
Germination of porang seeds were detected by the appearance or the emergence 
of a white hypocotyl from a hole at the seed apex. During emergence of seeds, the 
cotyledons remained below the soil surface, characterizing germination as hypogeal. In 
this case, the cotyledons function only as a reserve organ and photosynthesis does not 
take place. Initially, hypocotyl colour is white then creamy to light brown later on. Next 
step, the hypocotyls were covered by sheath elongated then appearedon the medium 
surface. In this stage, roots began emergence around the base of the hypocotyls. All 
these stages occured in three to eight days. 
 
3.2.2. Phase 2. Leaf emergence 
This stage was characterized by the emergence of plumule. The hypocotyl is usually 
covered by three layers of sheath. The hypocotyls thencontinued elongated until it was 
penetrated the tip of the third sheath, then the green plumule would appear. The 
increasing length of plumule was almost similar with the petiole length. Futhermore, 
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leaflets. In this stage the tip of leaflets were still united. Primary roots appears then were 
followed by secondary roots. The shape of primary roots were cylindrical, white or 
creamy or light brown in colour. All of these stages were occurred within five to eight 
days. 
 
3.2.3. Stage 3. Rachis opened 
This stage was characterized by the unraveling of the rachis and leaflet. The tip of 
leaflets gradually opened, so thateach leaflets were unraveled including rachises.The 
roots also grew longer then before stage. All of these stages were occured withinthree 
to six days. 
 
3.2.4. Stage 4. Leaflets fully opened. 
This stage was characterized byfully opening of all the leaflets. Initially, leaflets base 
were still overlapped then gradually they are separated. Leave in juvenille stage (in most 
of Amorphophalus) usually composed of five leafletsand three main rachises. 
 
4. Conclusion 
The rice husk charcoal medium has indicated the best results in almost all parameters 
observing. On the other hand, the cocopeat medium showed unsatisfied results. The 
earliest seeds germination were occurredon 32 days after showing (rice husk charcoal), 
while the latest on day of 43 after sowing (cocopeat). The highest germination 
percentage reached 72.33% (rice husk charcoal), while the lowest is 48.67% (cocopeat). 
The seed germination processed of A. paeoniifolius from the time of the first radicle 
appears until the time of the first true leaf opens is divided into 4 phases, namely, (1) 
Shoot growth phase, (2) Leaf emergence phase, (3) Rachis opened phase and (4) Leaflets 
opened phase. 
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